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Introduction
The forests of southeastern Alaska provide habitat for a variety of wildlife. As logging and forest management intensify, it becomes increasingly important to understand the relationships between animals and their habitat. Although nutritional relationships provide the biological basis for such an understanding (Moen 1 973), little is known about plant-herbivore relationships in southeastern Alaska forests. Livestock grazing has been unimportant in the local economy, so few forage evaluations have been done. The few investigations of forage quality have centered on principal forages utilized by deer (Odocoileus hemionus sitkensis) (Klein 1965 , Rose 1982 , Schoen and Wallmo 1979 . Klein (1965) determined the concentrations of nitrogen, fat, fiber, ash, nitrogen free extract, calcium, and phosphorus in 1 4 species from May through August in central southeastern Alaska. Schoen and Wallmo (1979) measured the nitrogen and fiber content of 10 species during January in northern southeastern Alaska. Rose (1982) measured the nitrogen, phosphorus, total nonstructural carbohydrates, and fiber content of 10 species during January, April, June, and September in southern southeastern Alaska. Data have not been adequate, however, to evaluate seasonal fluctuations in chemical composition and nutritive value across a broad range of forages or to evaluate the role of these fluctuations in limiting the energy, protein, and mineral nutrients available to southeastern Alaska herbivores over an annual cycle.
The objectives of this study were: (1 ) to obtain a baseline description of the chemical composition of major plant species in southeastern Alaska forests; (2) to quantify seasonal (phenological) changes in chemical composition; (3) to examine site-to-site variability in chemical composition; and (4) to examine the nutritive value of the native forages relative to the dietary requirements of herbivores. The study was intended to provide a basis for modeling nutritional relationships of habitat for herbivores. Forage species were collected at two sites on Admiralty Island at approximately 58°N latitude, 1 34°W longitude: Hawk Inlet on the Mansfield Peninsula and Winning Cove on the Glass Peninsula. The sites were 53 km apart (straight line distance). Both were low-elevation forests of uneven-aged, old-growth Sitka spruce (P/'cea sitchensis) V and western hemlock (Tsuga heterophylla) . Dominant understory species included huckleberry (Vaccinium ovalifolium and V. alaskensis), fool's huckleberry (Menziesia ferruginea), devilsclub (Oplopanax horridum), and skunk-cabbage {Lysichiton americanum ), with lesser amounts of bunchberry dogwood (Cornus canadensis), trailing bramble (Rubus pedatus), foamflower (Tiarella trifoliata), and associated plants.
Elevation ranged from 0 to 70 m. Climate was cool and wet, typical of the southeastern Alaska coastal rainforest.
Field Collection and
Samples from 29 species of plants were collected during 1 981 . Twenty-two species were Laboratory Analysis of monitored bimonthly throughout the year at the Hawk Inlet site (table 1 ), and 1 7 species Forage Samples were sampled during January and March at the Winning Cove site (table 2 ). An additional 7 miscellaneous species from other habitats and study sites were sampled for comparative purposes. Samples of vascular species consisted of current annual growth only. Leaves were collected and analyzed separately from stems for tall shrubs (huckleberry, fool's huckleberry, devilsclub, and salmonberry, (Rubus spectabilis)). Samples were clipped in the field, refrigerated overnight, oven-dried at 40°C, ground in a mill with 20-mesh screen, and stored in sealed plastic bags at room temperature (20°C) until final drying at 50°C immediately preceding laboratory analyses. 1 Nomenclature for vascular plant names follows Hulten (1968) and
Hitchcock and Cronquist (1973) .
Methods
Study Area 
Data Analysis
Data for the samples from the Hawk Inlet study site are reported in the appendix to provide a baseline description of the chemical composition of major plant species. Annual means were calculated for all species. To analyze seasonal changes in chemical composition, we calculated means for each forage class (forbs and ferns, half-shrubs, shrubs, graminoids, etc.) for each collection date. In calculating means for shrubs, we weighted leaf and stem values in proportion to the leaf :stem ratio of 1 50 ovendry huckleberry twigs clipped at the collection site at the time of each collection.
As an index of the amount of digestion-inhibiting secondary plant compounds, we calculated the difference between the amount of dry matter that disappeared in 48-h in-vitro tests and the digestibility predicted by the equation of 
Results and Discussion

Fiber Constituents
Neutral detergent fiber (NDF), which consists mainly of the total cell wall fraction of the forage, was greatest in moss, graminoids, and shrub stems, and least in lichens, algae, forbs, and shrub leaves (table 3) . Neutral detergent solubles (NDS), mainly the cell cytoplasm and its constituents, were especially great in skunk-cabbage, heartleaf twayblade {Listera cordata), and deerberry (Maianthemum dilatatum). Lignin-cutin content, a component of NDF, was relatively great in moss, conifers, shrub stems, and spreading woodfern (Dryopteris dilatata). While NDS tends to be rapidly and completely digested by ruminants, lignin-cutin is virtually nondigestible and retards cellulose digestion (Goering and Van Soest 1970) .
Forbs, ferns, and half-shrubs had the greatest NDS content throughout the year ( fig. 1 ).
Conifers and shrubs, on the other hand, were consistently high in lignin/cutin Forbs were highly digestible throughout the year ( fig. 3 ). Half-shrubs also were highly digestible but apparently were more digestible in winter than in summer. Conifers were poorly digestible the year around, while IVDMD of shrubs paralleled changes in the production and loss of leaf tissue. Graminoids were relatively highly digestible in spring and early summer but poorly digestible in late fall and winter. Forbs and half-shrubs were the forages most rapidly digestible ( fig. 4 ) in both summer and winter. Shrubs and graminoids were more rapidly digestible than conifers in summer but less rapidly digestible than conifers in winter. Effects of digestion inhibitors were most apparent in conifers, shrubs, and graminoids during winter ( Mould and Robbins (1982) was for white-tailed deer (Odocoileus virginianus). table 4 ).
Macronutrients
Total ash concentration of the forages did not vary much seasonally, except in graminoids, which were collected along the beach-forest fringe and were exposed to periodic inundation by salt water (fig. 6 ). Forbs and half-shrubs were consistently highest in total ash concentration, while conifers and shrub stems were consistently low.
N concentration was greatest in forbs, ferns, half-shrubs, and shrub leaves (especially skunk-cabbage, twisted-stalk, and devilsclub leaves), and lowest in beard lichen and feathermoss (table 5) . N concentration was consistently low in conifers but increased with summer growth in the other vascular species ( fig. 7 ). P concentration exhibited a pattern nearly identical to that of N (table 5, fig. 8 ).
Forbs and ferns consistently contained the greatest amounts of K (table 5, fig. 9 ).
Devilsclub leaves and stems and rockweed alga also were high in K. Lowest levels consistently occurred in beard lichen, feathermoss, and conifers. Graminoids and shrub stems were very low in K during winter and highest during the pulse of growth in spring and early summer.
Ca concentrations were generally about 3 to 4 times greater than P concentrations (table 5) . In contrast to P, however, Ca was lowest during the pulse of growth in spring and early summer ( fig. 1 0 ). Ca to P ratios were nearly balanced in shrubs and forbs in early summer but very unbalanced throughout the rest of the year. Ca concentration was consistently greatest in bunchberry dogwood and foamflower and consistently low in conifers, graminoids, beard lichen, feathermoss, and fool's huckleberry stems.
Throughout the year, herbaceous forage contained the greatest concentration of Mg ( fig. 1 1 ) . Beard lichen, feathermoss, conifers, and shrub stems contained the lowest levels. Na concentration was consistently low in conifers and half-shrubs, and was consistently greatest in rockweed alga, graminoids, and forbs (especially skunk-cabbage) ( Fe concentrations were greatest in forbs, ferns, feathermoss, and rockweed alga throughout the year (table 6, fig. 1 5) . High concentrations in graminoids (especially hairgrass) corresponded with peak concentrations of total ash and Na and probably reflected recent inundation by salt water. Shrubs, conifers, and beard lichen were consistently low in Fe.
Zn values were greatest in fernleaf goldthread (Coptis aspleniifolia), bunchberry dogwood, and salmonberry (table 6). They were relatively stable throughout the year in half-shrubs, graminoids, and conifers ( fig. 16 ). Miscellaneous Species The seven miscellaneous forages we analyzed came from a variety of habitats. Each from Other Habitats differed from samples of its respective forage class from Hawk Inlet in one or more nutritional variables (table 7) . The subalpine forb, deer-cabbage {Fauria crista-galli) was especially high in IVDMD, Na, Cu, and Zn, and low in K and Ca. Crowberry (Empetrum nigrum), a half-shrub from muskeg, was high in lignin/cutin and Cu, and low in IVDMD, N, P, K, Ca, and Mg. Red alder (Alnus rubra) stems were low in NDF (high in NDS) and Mn. Labrador-tea (Ledum palustre), a shrub from muskeg, was low in NDF and Cu, and high in IVDMD and Fe. Alaska yellow cedar (Chamaecyparis nootkatensis) was high in IVDMD, total ash, Ca, and Zn, and low in NDF, P, and Mn. Lyme grass (Elymus arenarius) was very high in Fe, but it, like the other graminoids, was subject to periodic inundation by salt water. The foliose lichen Lobaria differed from beard lichen, being higher in NDF, "lignin/cutin," N, K, Mn, and Fe. All forages from miscellaneous sources except deer-cabbage had 48-h IVDMD values much lower than expected on the basis of the Mould-Robbins equation for fiber constituents. Deer-cabbage appeared relatively free of digestion-inhibiting secondary compounds. (table 9 ). The chemical structure of lichens differs from that of vascular forages, however, and our cattle rumen fluid probably contained few microbes adapted for lichen digestion. Rochelle's IVDMD values for lichens are probably more appropriate than ours for deer on diets containing lichens.
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Nutritive Value
The nutrient requirements of beef cattle (table 1 0) provide one standard for evaluating the nutritive value of the Hawk Inlet forages. Assuming a gross energy content of 4.4 kcal g" 1 and a direct, linear relationship between digestible dry matter and digestible energy (Rittenhouse and others 1 971 , Mautz and others 1 974), it is apparent that digestible dry matter must be at least 43 to 52 percent to meet maintenance requirements during winter and 43 to 70 percent to meet maintenance, growth, and lactation requirements during summer. Of the Hawk Inlet forages, forbs and half-shrubs satisfy the winter requirement, while forbs, half-shrubs, shrub leaves, and graminoids satisfy the summer requirement.
The digestible energy content of conifers and shrub stems is inadequate throughout the year for maintenance requirements. Moss and algae also are inadequate. Lichens, however, constitute a high-energy food source (Rochelle 1 980). During winter, when the availability of forbs and half-shrubs is reduced by snow, lichens are probably very important sources of energy for wild ruminants. Energy deficits during winter can be offset partially by accumulated fat. The potential limiting role of energy is not a simple, straightforward matter, however, because energy requirements vary with activity and energy intake varies with diet choice.
Requirements for crude protein (N x 6.25) indicate that a minimum N concentration of 0.94 to 1 .41 percent is required for maintenance alone, 1 .36 to 1 .53 percent for maintenance and growth, and 1 .47 to 1 .74 percent for maintenance and lactation. Forbs and ferns, half-shrubs, and shrubs satisfy these requirements year around, and graminoids satisfy them in early summer. Conifers, feathermoss and beard lichen are inadequate the year around. The foliose lichen Lobaria, however, with an N concentration of 3.57 percent, exceeded even the lactation requirements. Rockweed alga could satisfy requirements for maintenance and some growth but not for reproduction.
Comparisons Between
Study Areas 
NS NS
1 Significance is°c level at which the mean difference between study sites was statistically different than 0 (paired-sample t-test), NS indicates not significant at a 0.05- Excess Mg may form insoluble P complexes, and excess Mn may form insoluble complexes with Ca (Robbins 1 983). Ca levels in the Hawk Inlet forages were more than adequate the year around-about 2 to 8 times minimum requirements. Mg and Mn also were excessive-about 2 to 5 times the minimum requirement for Mg and 1 2 to 400 times the minimum requirement for Mn. K levels were marginal to inadequate in conifers the year around and in shrub stems and graminoids during winter. Forbs, half-shrubs, shrub leaves, and algae were more than adequate year around sources. Rockweed alga may be an important source of K during prolonged winter conditions when forbs and half-shrubs are buried with snow. Similarly, forbs would be the major source of Na year around, except when buried with snow.
Rockweed alga and graminoids growing along the beach were very high in Na.
Cu concentrations were generally above minimum requirements in all forage classes throughout the year except for conifers and graminoids during winter. Shrubs are potentially the most important source of Cu throughout the year.
Fe concentrations were generally well above minimum requirements in most forages throughout the year. Fe concentrations were especially high in moss, rockweed alga, and graminoids.
Zn levels were above minimum requirements in forbs year around and in shrubs during summer. They were marginal in other forage classes throughout the year and below minimum requirements in conifers in spring and graminoids in fall.
Generally, the Hawk Inlet forages, which did not differ markedly from forages collected elsewhere in southeastern Alaska, appeared to be most limited in digestible energy, P, and probably N. Forbs, half-shrubs, and shrub leaves were consistently the most nutritious forages. Rockweed alga, a common intertidal plant, is a potentially important source of K and Fe when these elements are in short supply in the forest. Nutritional deficiencies are likely to be greatest during winter, especially during periods of snow accumulation, when the availability of forage is restricted and the metabolic costs of locomotion are elevated. During winter, evergreen forbs and half-shrubs are far superior nutritionally to any other forages. Streptopus spp.
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